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ABSTRACT SUBJECTS AND METHODS

The fecapentaenes are potent mutagens found in high concentrations Study Population. We recruited patients newly diagnosed with ade-
in the stools of some individuals. These compounds are produced in vlvo nocarcinoma of the colon or rectum, seen during the study period (April
by common species of the colonic microflora, from precursors of unknown 1985 to June 1987) by the clinical coworkers at three Washington, DC,
origin. The fecapentaenes have been postulated to increase the risk of area hospitals: National Naval Medical Center;, Water Reed Army
colorectal cancer. To test this hypothesis, we measured feeapentaene Medical Center; and George Washington University Hospital. Since
excretion in 69 patients with adenoearcinoma of the colon or rectum, we planned to measure fecapentaene excretion both prior to and follow-
newly diagnosed at three Washington, DC area hospitals. The eases were ing treatment, cases scheduled for immediate surgery following diag-
compared with 114 surgical controls, frequency matched to the cases on nosis and those residing outside the Washington, DC, metropolitan

area were not eligible (n = 26). Of the 162 presumably eligible cases,age, sex, and hospital. We attempted to measure feeapeutaene excretion
4 times for each subject: before surgery; and at 1 mo; 3 mo; and 6 mo 21 (13%) were not reached before surgery, and 49 (30%) refused to
following surgery. Contrary to our study hypothesis, we found fecapen- participate due to the intensive study demands. An additional 14 cases
taene excretion during the four study periods to be similar or even lower dropped out before collecting a stool sample, leaving 78 participating
in cases compared to controls. An indirect measurement of fecapentaene cases (48%). Nine of these participants were found to have adenomatous
precursors also tended to be lower in eases. The ease-control differences polyps or nonneoplastic bowel conditions following surgery or pathol-

couidnotbeexplainedaseffectsofbleedingorofthecolorectaldiagnostic ogy review and were excluded from analysis. As a result, 69 cases
workup, which was assessed in a separate group of 86 patients. We comprised the analytical study group. For controls, we recruited Wash-
conclude from these data that the excretion of feeapentaenes does not ington, DC, area residents awaiting elective surgery for nononcological,
increase the risk of colorectal cancer, at least when measured near the nongastrointestinal conditions at the three study hospitals. Controls at
time of diagnosis, each hospital were frequency matched to cases on age and sex. We

approached 315 potential controls and found 277 to be eligible based
on the additional criteria of Washington, DC, area residency and

INTRODUCTION availability for follow-up. Of the 277 eligibles, 55 (20%) were not
reached before surgery, 95 (34%) refused to participate, and 13 (5%)

The fecapentaenes are potent mutagens excreted in the feces dropped out before collecting a stool, leaving 114 participants (41%).

of humans and some animals (1, 2). These ether-linked lipids The distribution of control surgeries was as follows: 62 orthopedic or
are produced by colonic Bacteroides species from an unidenti- neurosurgical procedures (54%); 31 hernia repairs (27%); 16 vascular
fled group of precursor compounds (3). The fecapentaenes are procedures (14%); and 5 other general surgeries, primarily of the
highly genotoxic in a variety of bacterial and mammalian in thyroid (5%).

We wished to study the effects of the diagnostic workup for colorectal
vitro assays, accounting for much of the mutagenicity detected cancer on fecapentaene excretion, but it proved impossible to identify
by Salmonella typhimurium tester strains TA98 and TA 100 in efficiently the cases prior to their diagnostic procedures, which included
organic extracts of feces from North American subjects (4-9). sigmoidoscopy, barium enema, and colonoscopy. Therefore, we re-
Since fecal mutagenicity has been observed to be increased in cruited a separate group of 86 subjects undergoing one or more of these
populations at elevated risk of colorectal cancer, the discovery procedures as routine screening or for symptoms compatible with
of the fecapentaenes has raised the possibility of identifying eolorectal cancer (such as rectal bleeding, constipation/diarrhea, unex-
colorectal carcinogens of etiological and screening importance plained anemia). This investigation was called the "methods study" to
(10-12). distinguish it from the case-control comparison. Forty of the subjects

To test the hypothesis that increased fecapentaene excretion in the methods study underwent cleansing enemas plus sigmoidoscopy,
21 had barium enemas, and 32 had p.o. bowel preparation followed by

causes colorectal cancer, we conducted a case-control study in coionoscopy. (Seven of the individuals had more than one diagnostic
Washington, DC. As part of the investigation, we addressed procedure.) Two of the 86 subjects in the methods study proved to have
two methodological questions viewed as critical to the case- colorectal cancer and were subsequently included in the case-control
control comparison of fecapentaene excretion: (a) Does the comparison as well.
colorectal diagnostic workup (undergone by cases but not by Collection Procedures. Subjects in the methods study were asked to
controls) affect fecapentaene excretion and thus invalidate the collect two 2-day stool specimens at home, one before and one shortly
comparison? and (b) Does fecapentaene excretion in cases after the diagnostic procedure. The follow-up collection ranged from 1
change as a result of hospitalization, surgery, and recovery? to 74 days after the procedure (median, 12 days). In the case-control
The results of both the methodological investigation and the study, subjects were asked to collect four 2-day stool samples at home.
case-control comparison are presented here. The first sample was collected before hospitalization and treatment,

which usually involved surgery. The three follow-up collections were
Received6/24/88; revised11/3/88; accepted11/14/88. scheduled at 1, 3, and 6 mo following surgery. Cases not undergoing
The costs of publicationof this articleweredefrayedin partby the payment surgery were asked to donate a single pretreatment sample. Subject

of pagecharges.This articlemust thereforebe herebymarkedadvertisementin participation varied for each collection period, so that the full group of
accordancewith 18U.S.C.Section1734solely to indicatethisfact. 69 cases and 114 controls did not participate in each collection.iThis researchwas supportedin partby NationalCancerInstituteContract
FOD-0653. For each 2-day collection, the subjects received a styrofoam chest

2Towhomrequestsforreprintsshouldbeaddressed, filled with dry ice. They collected stool into a plastic container held by
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a collection bonnet placed on the toilet rim, then placed the container controls), the Mann-Whitney two-sample test was used. For all statis-
immediately into the dry ice chest. Subjects were shown how to use the tical manipulations, samples with no detectable fecapentaenes were
collection kits to avoid urine contamination, and this proved not to be assigned a value of 10 ng/g (the threshold of detection is 20 ng/mg).
a problem. Stools not collected during the 2-day period were recorded, Samples with detectable fecapentaenes but nonintegrable peaks (less
and this list was transported with the frozen stools to the lyophilization than 100 ng/g) were assigned a value of 60 ng/g, the midpoint of the
laboratory (United States Department of Agriculture). nonintegrable range.

Stools were freeze-dried in their individual containers without ever
thawing. The lyophilate was pooled, mixed for the entire 2-day collec-
tion, and then stored at -40°C or colder in sealed, air-tight containers. RESULTS
Aliquots of the samples were sent in screw-top vials in batches on dry
ice to the testing laboratory at Virginia Polytechnic Institute (Blacks- To estimate "normal" fecapentaene excretion among subjects
burg, VA). without apparent gastrointestinal abnormalities, we first ex-

We conducted two different fecapentaene assays. Duplicate 1-g sam- amined fecapentaene measurements in the control group,
pies of the iyophilized stool were placed in 25- x 150-mm tubes and among the 113 men and women who collected a stool sample
stoppered under argon. One sample was stored at -80"C to be assayed before their surgeries for nongastrointestinal, nononcological
directly for fecapentaenes. We incubated the other sample with a conditions. As shown in Table 1, about 33% of the controls
fecapentaene-producing strain of B. thetaiotaomicron (VIP strain 5482) excreted very low levels of fecapentaenes, less than the inte-

and measured the amount of fecapentaenes produced from already grable measurement threshold of 100 ng of FP/g of lyophilizedformed precursors over 4 to 5 days. This length of incubation is known
stool. Another 41% of the controls excreted moderate fecapen-to be sufficient to exhaust the available precursors in the sample. The

incubated measurement thus represents already formed fecapentaenes taene levels, from 100 to 999 ng of FP/g. The upper 26% of
as well as those newly processed from precursors, and it is considered the controls excreted over 1,000 ng of FP/g, with the uppermost
to be an indirect assay of the precursors (13). Specifically, the sample 5% of the group over 5,000 ng of FP/g. As expected, incubated
incubated to measure precursors was (a) inoculated with 5 ml of values, representing the sum of fecapentaene and precursor
"standard inoculum" as previously described (2), (b) incubated at 37°C concentrations, were always equal to or greater than the direct
for 4 to 5 days, (c) frozen at -80°C, (d) relyophilized, and (e) stored at measurements. On average, incubation increased fecapentaene
-80"C. All inoculations, mixing, and incubations were done anaerobi- concentration about 10- to 20-fold. As a result, only 12% of the
cally under CO2. The unincubated and incubated freeze-dried samples controls had incubated measurements less than 100 ng of FP/
were extracted and analyzed for fecapentaenes by HPLC3as previously
described. Briefly, freeze-dried samples were extracted with acetone g. Eighty % had values over 1,000 ng of FP/g, and 31% had

levels over 10,000 ng of FP/g.supplemented with the antioxidant BHT. Each extract was vacuum
The direct and incubated fecapentaene measurements werefiltered, evaporated under vacuum at 60"C, stoppered under argon, and

placed in ice. The evaporated extracts were (a) resuspended in 0.5 ml highly correlated in the 730 stools tested (Spearman r = 0.69,
of prechilled HPLC solvent, (b) filtered through an Acrodisc LC-13 P = <0.01). Only direct fecapentaene measurements are pre-
filter (0.5 gm) into 1-ml septum-capped vials, and (c) sealed under sented here because of this high correlation, except in the few
argon, instances where the incubated results suggested slightly differ-

We determined the concentration of total fecapentaenes in each ent conclusions.

extract on a Waters liquid chromatograph using a radial compression Methods Study. Subjects in the methods study excreted fe-
module and 8-mm (5 #m) silica cartridges, with chloroform:isopropanol capentaene levels roughly comparable to the control group(95:5) containing 50 g/ml of BHT as an antioxidant. The flow rate was
2 ml/min. The HPLC was calibrated using dilutions of known concen- described above. Specifically, the median preprocedure fecapen-

taene level in the methods study was 432 ng/g of dry stool, andtrations of synthetic fecapentaene-12; the peak areas of these standards
were then correlated with those of the experimental samples. Absorb- about two-thirds of the subjects had fecapentaene levels above
ance was monitored at 365 nm on a Waters 440 UV detector (AUFS the measurement threshold of 100 ng/g. The paired results
0.05), and peak areas were integrated on a Hewlett Packard 3390A from the methods study are given in Table 2. Each subject's
recording integrator. The reading corresponded to "total fecapen- measurement before a diagnostic procedure was subtracted
taenes," without separation of fecapentaene-12 and fecapentaene-14 from the measurement afterward, to estimate the effect of the
(14). Assays were performed in batches as the samples were collected, test on fecapentaene excretion. As shown in Table 2, directly
without knowledge of which sample derived from which individual, measured fecapentaene excretion was not affected significantly

In additional laboratory measurements, selected case (n = 38) and

control (n = 50) presurgical specimens were analyzed by HemoQuant Table I Directand incubatedFP measurementsamong 113controls,before
for fecal hemoglobin (15), to assess the effect of bleeding, which was surgery
common in cases, on fecapentaene levels. To verify that no sample Control distribution
degradation or laboratory drift had occurred over the 2-yr study period,

Incubated
we selected every 20th sample submitted throughout the investigation FP concentration Direct meas- measurement
and resubmitted these in a masked batch at the end. The correlation (ng/g dry stool) urement(%) (%)
between first and replicate measurements was 0.91 for the direct and

<100 33 12
0.94 for the incubated fecapentaene measurements, and there was no 100-999 41 8
trend to indicate laboratory or storage problems. 1,000-4,999 21 28

Statistical Analyses. Fecapentaene values were nonnormally distrib- 5,000-9,999 3 21
uted. Simple statistical transformation was not possible, so nonpara- 10,000+ 2 31
metric statistical methods were used (16). Correspondingly, median
values are presented in the tables, since the means were excessively Table2 Effects ofcolorectaldiagnosticprocedureson FP excretion
influenced by a few very high measurements at the tails of the distri- No. of Medianeffect"
butions. For correlational analyses, the Spearman rank correlation was Procedure subjects (ng/g) pb

used. For paired analyses (e.g., measurements for the same individual, Cleansingenema/sig- 40 -50 0.70
before versus after barium enema or surgery), the Wilcoxon paired- moidoscopy
sample test was chosen. For unpaired comparisons (e.g., cases versus Bariumenema 21 0 0.36

Bowelprep/colonoscopy 32 0 0.89

3The abbreviationsused are: HPLC, high-performanceliquid chromatogra- ° Fecapentaenelevelafter procedure minus fecapentaenelevelbefore.
phy; BHT,butylatedhydroxytoluene;FP, fecapentaenes, bp values from Wiicoxonpaired-sampletest.
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by any of the diagnostic procedures. Incubated fecapentaene Table 4 FP excretion in colorectal cancer patients versus controls, at four times

values did seem to increase following cleansing enema/sigmoid- around surgery
OSCOpy(median rise of 1206 rig/g, P = 0.04). This increase was Cases Controls
apparent even in the few subjects whose postprocedure meas- Median FP Median FP
urements were delayed up to 2 mo following sigmoidoscopy. Samplingperiod n (ng/g) n (ng/g) pa
However, the more invasive procedures, barium enema and Presurgery 64 60 113 276 <0.01

One mo follow-up (13-69 days 39 60 69 184 0.03
colonoscopy, did not significantly affect incubated fecapentaene postsurgery)
measurements. Three mo follow-up (78-150 38 360 68 274 0.80

days postsurgery)
Case-Control Comparison. Cases and controls differed slightly Six mo follow-up (153-223 37 253 66 540 0.25

with regard to demographic features, indicating that frequency- dayspostsurgery)

matching was imperfect. The median age of the cases was 65 a p valuesfromMann-Whitney two-sample test.
yr compared with 60 yr in controls; 67% of the cases were

males, compared with 54% males among the controls. Race, control comparisons, which gave stronger or weaker results
which was not a matching factor, also varied slightly between depending on the period of comparison. Specifically, cases
the two groups. Seventy-seven % of the cases were white, excreted significantly lower fecapentaene levels before surgery
compared with 88% of the controls. (P < 0.01) and at 1 mo following surgery (P = 0.03). Before

Of the four requested stool collections, the cases completed surgery, only 40% of cases had integrable measurements over
a mean of 2.6 collections, and the controls completed a mean 100 ng of FP/g (compared to 67% in controls, see Table 1),
of 2.8. Other parameters of stool sampling were also quite and only 14% had values over 1000 ng/g (compared to 26%
similar in the two groups, including numbers of stools contrib- among controls). As case fecapentaene levels rose at the 3- and
uting to each collection, as well as time intervals from presurg- 6-mo follow-ups, they no longer had significantly lower levels
ical collection to surgery, and from surgery to each of the three than controls. For the incubated values, however, since case
follow-up collections, which sometimes varied considerably levels did not rise strongly, cases were substantially lower at all

from the planned 1-3-6-mo schedule (ranges are given in the four comparison periods (presurgery, P < 0.01; 1 mo, P < 0.01;
tables). 3 mo, P = 0.14; 6 mo, P = 0.07). For both direct and incubated

The effects of surgery and recovery on fecapentaene excretion fecapentaene values, the overall lower levels of fecapentaene
are shown in paired analyses for cases and controls separately excretion in cases were seen regardless of cancer stage or site.
in Table 3. In both groups, when presurgical measurements Similar results were seen when we restricted the analysis to the
were considered as baseline, fecapentaene excretion tended to 29 cases and 60 controls with complete (four) stool collections.
increase during follow-up. The rise in postsurgical values was In an attempt to explain the lower fecapentaene excretion in
especially pronounced in cases, reaching marginal statistical cases compared with controls, we focused on the presurgical
significance at 3 mo postsurgery (P = 0.04) and 6 mo postsur- period, when participation was highest and the ease-control
gery (P = 0.06). difference was strongest. First we considered possible demo-

When we divided the cases into three crude "stages," in situ, graphic influences. Among the controls, fecapentaene excretion
locally invasive, and metastatic, we observed the same postsur- decreased with age (P = 0.06 for 3 age groups, Mann-Whitney
gical pattern of increasing FP excretion in all three stages, two-sample test) and was higher in men than in women (P <
Separating the cases into right-sided, left-sided, and rectal 0.01). However, these influences on fecapentaene excretion did
lesions revealed the same pattern, which was also persistent not confound the case-control comparison. Lowered presurgical
when the cases were divided by age group (55 or less, 56-65, values in cases were seen in direct and incubated measurements

and over 65), sex, race, and hospital, in both sexes, in three age groups (-<55, 56-65, 66+), in white
For incubated fecapentaene values, the general pattern was and nonwhite patients, in all three hospitals, and in patients

the same, but the rise at 3 and 6 mo in cases was weaker, while with varying degrees of participation (those eventually provid-
the increase among controls was stronger, reaching statistical ing one, two, three, or four stool collections). Cases had lower
significance when the values for controls at 3 mo were compared presurgical fecapentaene excretion than any diagnostic

with their baseline (P = 0.03). subgroup of the controls (orthopedic, vascular, hernia repair)
In Table 4, the results of the case-control comparison are and were also lower than the participants in the methods study

presented. These indicate that cases excreted lower fecapen- (median direct measurement, 432 ng of FP/g).
taene levels than controls. The time trends within the case and The lower values in cases could not be explained by colorectal
control groups shown in Table 3 were also reflected in the case- bleeding. The effects of colorectal bleeding were considered

especially important as a potential confounding factor, since
Table 3 Effects of surgery and recovery on fecapentaeneexcretion in colorectal colorectal cancer patients were likely to be bleeding substan-

cancerpatients andcontrols tially more often than controls. In fact, as shown in Table 5, 20
Changecomparedto presurgicalvalues° (53%) of 38 cases tested by HemoQuant had evidence of sub-

Cases Controls stantial blood in their presurgical sample, compared with only
Median Median 7 (14%) of 50 controls. However, fecapentaene excretion (direct

Samplingperiod n change pb n change P_ and incubated) was lower in cases in both the bleeding and
Presurgery Baseline Baseline nonbleeding groups (Table 5).
One mo follow-up (13-69 days 35 0 0.87 68 0 0.33

postsurgery)
Three mofollow-up(78-150 36 +234 0.04 67 0 0.43 DISCUSSION

days postsurgery)

Six mo follow-up053-223 35 +50 0.06 65 +50 0.17 Fecal mutagenicity is elevated in populations at high risk ofdays postsurgery)
colorectal cancer (10, 12), and the fecapentenes are the predom-

aFecapentaeoemeasurementat follow-up minus fecapentaenemeasurement inant fecal mutagens excreted by North American subjects (4).before surgery.

P valuesfrom Wilcoxonpaired-sampletest. However, contrary to our study hypothesis, fecapentaene excre-
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Table 5 FP excretion in 38 colorectal cancer patients versus 50 controls, by vated fecapentaene excretion, which fell as disease progressed.
bleedingstatus Two pieces of evidence argue against this objection. (a) WhenMedian FP

n (ng/g) pa the case group was divided by stage, the nine patients with

Bleeding_ minimal, in situ cancers had lower levels prior to surgery
Cases 20 60 0.25 compared with controls. (b) Individuals with adenomatous pol-
Controls 7 267 yps may also demonstrate lowered fecapentaene excretion, as

Not bleeding seen in a cross-sectional autopsy study reported by Correa et
Cases 18 82 0.04 al. (19). They used Salmonella tester strain TAI00, a mutage-
Controls 43 351 nicity assay known to detect fecapentaenes, and found lower

*P valuesfrom Mann-Whitney two-sampletest. mutagenicity in subjects with adenomatous polyps than in those
Bleeding defined as greater than 7 mg of heme per g of dried stool by with no polyps. Thus, if fecapentaene excretion is truly in-

HemoQuant. creased in subjects prone to colorectal neoplasia, this associa-

tion does not appear to pose a risk of colorectal cancer, at least tion, opposite to what we observed, might be seen only very
early in the natural history of the disease. A cohort study

as measured in a case-control study near the time of cancer spanning decades would be needed to assess this possibility
diagnosis. Our cases had generally lower fecapentaene excretion definitively. Cross-sectional studies of fecapentaene excretion

than controls, considering either median FP values or the in patients with preinvasive colorectal neoplasia of increasing
percentage of subjects with especially elevated levels, severity would be useful as a practical alternative.

Of concern in a case-control approach was that colorectal If fecapentaene excretion is truly lower in individuals who
cancer itself, or its diagnosis and treatment, could affect the develop colorectal cancer, as suggested by our case-control data,
measurements. In particular, we recognized that the diagnostic the biological implications are unclear. We have shown in an

workup for colorectal cancer might invalidate the case-control autopsy study that excreted fecapentaene levels are representa-
comparison, since fecapentaenes are produced by bowel flora tive of bowel contents throughout the colon (2), but very little
which could be perturbed by barium enemas or cleansing regi- is known about the relationship of fecapentaenes in the colonic
mens preceding endoscopy. We observed, however, no strong lumen to tissue-bound levels. Perhaps fecapentaene excretion

effect of the diagnostic workup on fecapentaene excretion. The represents a protective mechanism against colorectal damage,
finding of an increase in fecapentaene precursors following but more information is needed about the production, metabo-
cleansing enema and sigmoidoscopy is probably a chance find- lism, tissue binding, and animal carcinogenicity of fecapen-
ing, since the more invasive diagnostic procedures showed no taenes before we can judge the plausibility of this hypothesis.
effect. We conclude from this methods study that diagnostic Tissue-binding studies and animal carcinogenicity experiments
workup cannot explain the lower fecapentaene levels seen in are underway in several laboratories. Continuing studies of
colorectal cancer cases, although the statistical power of the other fecal mutagens will also clarify if fecal mutagenicity
methods study was not large enough to rule out the possibility generally decreases the risk of colorectal cancer, increases risk
of small effects, as suggested by the early correlational studies, or is unimpor-

Our second concern was that the timing of the case-control tint.
comparison might influence the results. In most case-control Two caveats arise from our investigation. The first concerns

studies, cases are identified from medical records following patient participation in studies requiring stool collection. It was
treatment, which for colorectal cancer may include bowel resec- apparent from the low participation rates among our eligible
tion with preparatory antibiotics, as well as adjunctive chemo- cases and controls that repeated stool collection is difficult to
therapy or radiation. We reasoned that fecapentaene excretion achieve. Repeated measurements appear to be useful to typify
might be profoundly changed by these procedures and, thus, we correctly the excretion patterns of individuals, but confirmatory

studies should probably aim for increased participation bymeasured cases before treatment (which usually was limited to
surgery) as well as afterward. We also followed controls after decreasing the number of stool collections requested. We are

their nongastrointestinal surgeries, to check for general effects hopeful that the low participation rates did not seriously affect
our case-control comparison, since the conclusions did not varyof hospitalization and recovery. The results indicate that the
when participants were stratified by the number of samples they

timing of the case-control comparison is important. Both case collected, or when subjects with incomplete participation were
and control measurements tended to rise following surgery, excluded.

Cases excreted much lower levels offecapentaenes than controls As a final caution, it seems that any case-control study of
in the periods before hospitalization and immediately after fecal constituents and colorectal cancer must consider carefully
surgery, but the difference was not significant later in recovery, the possible effects of diagnostic workup, bleeding, surgery, and
However, incubated fecapentaene levels, representing fecapen- recovery on the assay results. It is unclear why fecapentaene
taene precursors, were persistently lower in cases, regardless of levels varied during follow-up, even among controls, but our
sampling period. Thus, a general reduction was seen in cases, investigation clearly indicates that at least some clinical proce-
involving fecapentaene precursors as well as fecapentaene pro- dures can be important confounding influences on fecal meas-
duction itself, urements. Since it is laborious to accumulate relevant stool

The lowered fecapentaene levels in cases were clearly not due samples to address these methodological concerns, we offer our
to colorectal bleeding. As another possible explanation for the stored specimens to investigators embarking on related projects.
case-control difference, we are currently examining dietary data We currently are examining other fecal mutagens, bile acids,
collected from all subjects, to assess whether cancer-related and neutral sterols using the lyophilized stools and the same
dietary changes might have lowered fecapentaene excretion in methodological approach.
cases (17). We have ruled out the possibility that alterations in

recent fat intake could produce this effect (18). REFERENCES
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